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ABSTRACT
Chronopotentiometric studies of zinc plate anodes after different pre-
liminary treatments showed significant changes in the value of 1,0-r	 When
electrodes were not permitted to stand quietly in electrolyte solutions
saturated with Ag(l) or were allowed to gas vigorously between runs, their
behavior suggested that the plates had effective surface areas similar to
those found in systems which were never exposed to silver. Values of ioT
ranged from 914 mA-sect/cm2 to 1206 mA-sect/cm2.
Open-circuit potentials for Na(Hg) electrodes were measured for systems
t
with electrolyte concentrations ranging from 5 VF to saturated and for var-
ious states-of-chargsa. While potentials changed in the direction which would
be predicted by the Nernst equation for a reversible electrode, the magni-
tudes differed significantly from Nernst behavior. Maximum open-circuit po-
tentials ranged from -1.91 V vs Hg/HgO at 5 VF NaOH to -1.72 V at saturated
NaOH, Measurements generally showed poorer precision as tho electrolyte con-
centration increased. The maximum potential was essentially established by
iF
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the time the electrode was charged to 27% of its full capacity in the more
A
concentrated electrolyte systems while in 5 VF NaOH systems, the maximum was
developed at 15% of full charge.
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The objectives of the contract are fourfold;
--	 (1) Study of the reduction of Ag(I) by zinc.
i
(2) Study of the thermal decomposition of Ago and A920.
(3) Study of amalgam electrodes.
(4) Study of the evolution of gas at electrodes.
Only parts (1) and (3) will be considered in this report.
A. DEPOSITION OF SILVER ON ZINC FROM KOH SOLUTIONS
The experimental methods used in this part of the work have been described
previously l . Preliminary attempts to determine the diffusion constant of the
Ag(I) species in concentrated KOH by transition-time measurements-have not yet
been successful.
Results and Discussion
Chronopotentiograms were run on zinc plates which had been treated in
different ways to see what effect the treatment might have. In most previous.
cases, the zinc electrodes were allowed to stand in contact with KOH saturated
with A9 20 for several days and then chronopotentiograme.were run in the KOH.-
Ag 20 solution. In the first set of experiments shown hire (Table 1), silver
was not deposited on the zinc before addition of the KOH-- Ag 20 electrolyte
solution just prior to making the chronopotentiograms. Unlike the previous„
cases 2 , there is an upward drift in the value of 10Th with decreasing,io
which seems real. The value of 1133 mA-seek/cm2 is close to that of a system
which has never been exposed to silver. In ,this experiment, the higher cur-
rent densities were used first and lower values were run later. This may
have some effect since there was little time for silver to deposit and that
which did might have been swept away in the early runs so that the zinc plate
recovered most of its, effective surface area. However, the evidence is not
..2..
conclusive, The range of 1 0Tr was from 946 mA-sect/cr'i2 to 1060 mA--sect /cm2
for io '- 150 mA/cm2 with the low values bein g obtained in the early runs.
Several runs were made on untreated zinc in 10 VF KOH in the absence of
silver. These yielded 1 0T 3	1163 ± 41 mA-sec4/cm2 , about 4: lower than
those reported earlier 2 . After ten runs, the electrolyte solution was re-
placed by 10 VF KOH saturated with A92  and the runs immediately resumed.
Here, 10 T	 1133 * 67 mA-sect/cm2 . The scatter was considerable so it is
dangerous to suggest that there is any real difference in anything but the
precision of the measurements. One can speculate that the early runs in the
absence of silver caused sufficient change in the character of the zinc sur-
face that any sort of rapid plating was inhibited when silver was added to the
system. The mechanism by which this might occur is not known.
A series of seventeen runs was made in which the zinc electrode had been
in contact with the 10 VF KOH - Ag 20 electrolyte solution for about 17 hours
before the first run. 'Instead of shutting off the current at the transition
time as was done in all previous experiments, the electrode was allowed to
, t	 gas for 36 seconds between each run. In the first run, i oT^ 914 mA-sect/
cm2 , then it leveled off to an average 1157 ± 143 mA-sect/cm2
 for the rest
of the runs. The precision (95% confidence) is 12.47. as compared with the
21% increase of the mean over the first value. The-21% value may be high,
however, because it has been observed that initial transition times tend to
be low. At any rate, the effect of vigorous gassing :seems to be to restore
the effective surface area of the zinc allowing transition times more nearly
equal to those found with untreated plates.
These experiments have raised more questions than they have answered.
Evidently, if the zinc electrode is allowed to plate silver undisturbed, as
fi
M	 would be the case in a charged battery on stand, the effective electrode
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area is significantly and fairly permanently decrsapid. However, if plating
occurs during anodic operation, the effective surface area is decreased less.
Furthermore, if the electrode is allowed to gas vigorously, the original ef-
fective surface area is virtually estored. The mechanisms of these cha ngesg
appear to be largely mechanical. Considerable work 14 still necessary in
this area.
Preliminary work on the determination of the diffusion coefficient of
the silver species in concentrated KOH solutions by ehronopotentiometry has
not y et been successful. At constant current densities and known silver con-
centrations, assuming a simple reduction of silver at a platinum electrode,
the diffusion coefficient is determined from the transition time according to
the formula
D 
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In these systems, however, the maximum silver concentration is about 3.5 x
10-4 VF and, therefore, T is quite short. Although the strip -chart recorders
4
are too slow to resolve a transition time, there was evidence that a charac-
teristic chrono otentio ram should be obtainable with fast recordin • uix	 p	 g	 B	 -q P
m•nt.
Proposed Work
The main effort in this area will be to determine the diffusion co•ffi-
t.
cient of the silver species in the KOH solutions. Oscilloscopic equipment
has been ,ordered and should be in operation soon.
IJ Some work will be continued to determine the effect of the amount of
silver deposit on the behavior of the zinc electrode.
4
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B. THE STUDY OF AMALGAM ELECTRODES
Experimental
,t
The general experimental methods have been described 1 ' 2 , A large number
of measurements was made to estimate the affect of metal concentration in the
amalgam and sodium hydroxide concentration in the electrolyte solution on the
open circuit voltage (E oc ) of the sodium-amalgam electrode. The concentra-
tion of metal in the amalgam was calculated from the coulombs of electricity
passed during charge of the electrodes, the assumption being that current of-
f iciency was 100%. Potential measurements were made with a Dohrmaon Model
RSC1100 recorder against a Hg/Hg0 - 10 VF KOH reference electrode.
Results and Discussion
Tables 2-4 show the effect of sodium concentration in the amalgam on Eoc'
This concentration has little effect on Eoc where the electrolyte concentra-
tion is 5 VF; thus at amalgam concentrations about 0.045 moles/kg of Hg, the
differences are almost undetectable on the recorder. In 10 VF and saturated
NaOH solutions, the potential seems to reach its maximum at amalgam concentra-
tions of 0.112 mole/kg of Hg and above. At the some time, the E oc is less
reproducible in the more concentrated electrolyte systems.
Tables 5 and 6 show the effects of both amalgam con--entration and slectro-
lyte concentration on the value of E oc . , It is seen that Eoc increases with
metal concentration in the amalgam at a fixed electrolyte concentration while
it decreases with increasing electrolyte concentration at a fixed amalgam con-
centration.
If one assumes the electrode reaction to be reversible and that it corres-
ponds to the equation
Na+ + Hg + e- a Na (Hg)
Chen the applicable Nernst equaticn is
E . Eo
 - (RT/nF) 1n aamal .. In 
aNa	 I
Thus, the directions of the observed trends are what would be expected but the
magnitudes are a bit surprising. At present, there is no information about
the metal activities in the amalgams at room temperature. A ten-fold chage
would cause about a 60 mV decrease in potential (i.e, the E oc would be more
negative); however, this is considerably exceeded in all of the measurements.
reported if one looks at the extremes of concentration (see Table 5). On the
other hand, fairly good agreement is obtained at low amalgam concentrations.
r	 This might be expected, since, at the high
it
approaching or have reached saturation and
expected to change rapidly with concentrat
ideal, behavior may be approacLad.
What is more surprising is the effect
concentrations, the amalgams are
activity coefficients would be
Lon while at low concentrations,
of electrolyte concentration on
Eoc . As shown in Table 6, doubling the concentration of NaOH causer an in-
crease of 100 mV as opposed to an expected 20 mV change. In order to account
for these observations, a five-fold increase in activity coefficient of NaOH
would be required. Harned and Owen list the mean activity coefficient of
NaOH as 0.888 when the concentration is 4 molal--the highest concentration
given. The minimum of 0.679 occurs around 1 molal. While the slope of the
activity coefficient curve probably increases with increasing concentrations
above 4 molal, it seems unlikely that a five-fold increase would occur between
5 and 10 VF.
Another surprising 'factor is the apparently higher amalgam concentration
requires to produce a maximum Eoc when the electrolyte concentration is 10 VF
or saturated-than when it^is 5 VF. In fact, the minimum amalgam concentra-
tion at the higher electrolyte concentrations is roughly twice that required
at 5 VF NaOH. The most probable hypothesis is that self-discharge occurs
sufficiently rapidly at the lowest electrolyte concentration that the true
amalgam concentration is significantly less than that reported. Data are
not yet available to check this hypothesis.
A point of interest which is not immediately apparent in Table 6 is
that more,scatter was observed in the Eoc at the higher electrolyte concen-
trations. The precision indicated shows the limits within which the true
potential would be expected with 95% confidence. However, these values are
averages of a number of measurements (9 to 22). The spread of values (low-
eat to highest Eoc ) was 7.0% in the saturated electrolyte solutions, 7.7% in
10 VF, and only 1.6% in 5 Vim' systems. Poor reproducibility has been observed
for alkali metal anodes in nonaqueous electrolyte sys tsms 4 and some similar
type of mechanism may be active here.
It is unfortunate that voltage reproducibility is poor at the high elec-
trolyte concentrations because it is in this region that the best stand life
behavior has been observed 2 . At 5 VF NaOH, stand life is quite poor with
visible and immediate gas formation on stand. Yet, it is in this region that
the most negative cathodic potentials are obtained with very good reproduci-
bility. The reasons for the erratic behaviors
	
the t,.-,-are concentrated slec-
tr;31yte systems must be investigated.
Proposed Work
Stand life measurements will be continued for all amalgam systems.
More careful correlations of electrode open-circuit potentials with
amalgam and electrolyte concentrations will be made. The actual metal-con-
tent in the amalgams will be determined and attempts will be made to measure
activities in both amalgam and aqueous phases. Potential measurements will
r^7-
be made potentiometrically.
The search for a practical nonsqueous diluent i, , hich will permit better
stand life behavior will be continued.
Discharge rates will be pushed to their limits by using smaller elec-
trodes and by using power supplies with higher current capabilities. It is
expected that limiting current-densities will exceed 1,200 mA/cm2 .
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Table 1
Chronopotentiometric Behavior of Zinc Anodes Without Prior Exposure to Ag(I)
i	 i r^
	
0	 0
mA/cm2	 (mA-sect/cm2)
	
150	 995- ± 34
	
125
	 1070 ± 62
	
100	 1133 t 76
Electrolyte solution is 10 VF KOH saturated with A920
I
1
l
1
1
I
C
is
t
t
t
r
i
1
r
r 17r
Table 2
Effect of Amalgam Concentration on the Open-Circuit Potential
of the Amalgam Cathode
Electrolyte solution is 5 VF NaOH
Concentration of Eoc
Na in Hg
(moles/kg) (V ve Hg/HaO)
0.015 -1.82*
0.030 -1.86*
0.045 -1.88*
0.061 -1.88*
0.076 -1.89*
0.089 -1.89*
0.170 --1.89
0.211 -1.90
0.232 -1.90
0.253 -1.90
0.260 -1.90
0.278 -1.90
0.293 -1.90
0.298 -1.91
0.303 -1.90
*Each value is the average of two measurements. All others are
the results of single measurements.
lf
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Tab le 3
Effect of Amalgam Concentration on the Open-Circuit Potential
of the Amalgam Cathode
Electrolyte solution is 10 VF NaOH
Concentration of
Eoc*
Na in Hg
(moles/kg) (V ys Hg/H&0)
0.038 -1.72
0.075 -1.75
0.112 -1.77
0.149 -1.78
0.187 -1.80
0.224 -1.80
0.261 -1.80
0.298 -1.79
0.336 -1.80
*Each value is the average of two measurements.
.`
Table 4
Effect of Amalgam Concentration on the Open-Circuit Potential
l
of the Amalgam Cathode
Electrolyte is saturated with NaOH
Concentration of
Eoc*Na in Hg
(moles/ka) (V va HQ /Hg0)
0.038 -1.65
0.075 -1.66
0.112 -1.71
kE 0.149 -1.72
0.187 -1.73
Y
0.224 -1.72
0.261 -1.72
0.298 -1.72
*Each value is the-averaga of two measurements.
k
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iTable 5
Effect of Amalgam Concentration and Electrolyte Concentration on the Open
Circuit Potential of the Amalgam Cathode
E
oc
Concentration of (V ve Hg/Hg0)
Na in Hg
^molea/kg) 5 VF NaOH 10 VF NaOH Saturated NaOH
0.038 -1.72 -1.65
0.045 -1.82
0.075 -1.75 -1.66
0.076 -1.89
0.170 -1.89
0.187 -1.80 -1.73
0.298 -1.91. -1.79 -1.72
,.n/3•
Table 6
Effect of Electrolyte Concentration on the Open-Circuit Potential
of the Amalgam Cathode
E
oc
Concentration of	 (V va Hs/H&0)
Na in Hg
(Nolen /Hg 	5 VP NaOH	 10 VF NaOH	 Saturated NaOH
	
0.228	 -1.70 1 0.01
	
0.278	 -1.78 1 0.02
	
0.280	 -1.88 1 0.00
4
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